A computer program and data base are presented which can be used to calculate, with a personal computer, photon cross sections for scattering, photoelectric absorption and pair production, as well as total attenuation coefficients, in any element, compound or mixture, at energies from 1 keV to 100 GeV.
A computer program and data base are presented which can be used to calculate, with a personal computer, photon cross sections for scattering, photoelectric absorption and pair production, as well as total attenuation coefficients, in any element, compound or mixture, at energies from 1 keV to 100 GeV. Photon cross sections for compounds can of course be obtained rather accurately (except at energies close to absorption edges) as weighted sums of the cross sections for the atomic constituents. However, the required numerical work is tedious , and the task is further complicated by the fact that photoabsorption cross sections and total attenuation coefficients are discontinuous at absorption edges . The presence of these discontinuities makes it desirable that cross section tables for compounds include photon energies immediately above and below all the absorption edges for all the atomic constituents, and this requires much additional interpolation.
A convenient alternative approach is to generate the cross sections and attenuation coefficients for compounds and mixtures as needed, using a personal computer. This paper describes a computer program called XCOM which carries out this task quickly on IBM-compatible personal computers, for any element, compound or mixture, at energies between 1 keV and 100 GeV. The program makes use of a database of cross sections for the elements that is stored in compressed form on a single floppy disk.
The XCOM program can generate cross sections on a standard energy grid (spaced approximately logarithmically), or on a grid selected by the user, or for a mix of both grids. Cross sections at energies immediately above and below all absorption edges are automatically included. XCOM provides two forms of output: (a) tables which correspond closely in format to existing tables in the literature; (b) user-selected arrays which are convenient for further computer calculations .
The program provides total cross sections and attenuation coefficients as well as partial cross sections for the following processes: incoherent scattering, coherent scattering, photoelectric absorption, and pair production in the field of the atomic nucleus and in the field of the atomic electrons.
For compounds, the quantities tabulated are partial and total mass interaction coefficients, which are equal to the product of the corresponding cross sections times the number of target molecules per unit mass of the material.
The reciprocals of these interaction coefficients are the mean free paths between scatterings, between photo-electric absorption events, or between pair production events.
The sum of the interaction coefficients for the individual processes is equal to the total attenuation coefficient.
Total attenuation coefficients without the contribution from coherent scattering are also given, because they are often used in gamma-ray transport calculations. The 
Database for Elements
A comprehensive database for all elements over a wide range of energies was constructed through the combination of incoherent and coherent scattering cross sections from Refs. [12] and [13] , photoelectric absorption from Scofield [14] , and pair production cross sections from Ref. [8] . For scattering and pair production, the same cross sections are used as in other recent tabulations in Refs. [6, 8, and 11], whereas for photoelectric absorption there is a small difference (omission of a renormalization correction) which is discussed below.
The incoherent (Compton) scattering cross sections in Ref. [12] were obtained from a combination of the Klein-Nishina formula and nonrelativistic Hartree-Fock incoherent scattering functions. Radiative and double Comptonscattering corrections were also included. The coherent (Rayleigh) scattering cross sections in Ref. [13] were calculated from a combination of the Thompson formula and relativistic Hartree-Fock atomic form factors. The photoelectric cross sections were obtained by Scofield [14] by a phase-shift calculation for a central potential and a Hartree-Slater atomic model. Scofield's results extend only up to 1.5 MeV. At higher energies, where the photoelectric cross section is quite small, a semi-empirical formula from Ref. [2] connects Scofield's values at 1. 5 MeV to the asymptotic high-energy limit calculated by Pratt [15] . Cross sections for pair production given in Ref. [8] are based on complicated combinations of formulas from BetheHeitler theory with various other theoretical models to take into account screening, Coulomb, and radiative corrections. Different combinations were used in the near-threshold, intermediate and high-energy regions to obtain the best possible agreement with experimental cross sections.
For elements with atomic numbers from 2 to 54, Scofield [14] presented correction factors for individual atomic subshells, with which the photo-effect cross sections can be renormalized so that they correspond approximately to a relativistic Hartree-Fock model rather than the HartreeSlater model used in the original calculation. This renormalization is most significant for the outer atomic shells; the total cross section is lowered by no more than 10 percent at energies above 1 keV. Scofield did not actually apply the renormalization to the cross sections given in his tables.
The renormalization was used, however, in the tabulations in Refs. [6, 8, and 11] . Recent reviews [16, 17] indicate that, on the whole, agreement with experiment is better when the renormalization is not done. We have therefore omitted the renormalization in the database for the XCOM program.
Interpolation and Combination
For the purpose of interpolation with respect to photon energy, the coherent and incoherent scattering cross sections and the total attenuation coefficients are approximated by log-log cubic-spline fits as functions of energy.
For the pair-production cross sections, the fitted quantity is the logarithm of the quantity (1-E/E') 3 <r PAIR (E), where E is the photon energy, E' the threshold energy for pair production, and cr PAI R(E) is the cross section.
The fitting is done separately for pair production in the field of the atomic nucleus (E' = 1.022 MeV) and in the field of the atomic electrons (E' = 2.044 MeV).
The combined photoelectric absorption cross section for all shells is similarly interpolated with use of log-log cubic-spline fits, but only at energies above the K-shell absorption edge. Below this energy, interpolation is applied to the logarithm of the photoelectric absorption cross section for each separate shell, fitted as a linear function of the logarithm of the photon energy. The separate fitting for each shell is necessary to avoid the error that would be incurred by interpolating across absorption edges. Linear log-log fitting is equivalent to assuming that the photoelectric cross section is proportional to a power of the photon energy, and was found to provide more satisfactory fits than a log-log cubic-spline fit near the absorption edges. the name of the substance is given, followed by a listing of the atomic numbers and fractions by weight of the atomic constituents. Fig. 1 shows some of the results from Table 2 , and were used to produce the plot in Fig. 1 
